Scrophularia subaphylla (S. subaphylla) L., a medicinal plant from the Scrophulariaceae family, has been reported to possess potential profits in the treatment and prophylaxis of different diseases. Some phenolic compounds in this genus have been displayed decent effects on different types of cancer via multiple mechanisms. The current study aimed to bioassay guided isolation of cytotoxic constituents from the aerial parts of S. subaphylla against breast (MCF-7) and colon (HT-29) cancer cell lines as well as normal cells (L929). Different extracts of S. subaphylla were acquired by Soxhlet apparatus and then subjected to brine shrimp lethality test and MTT assay for assessing their cytotoxic characteristics. Cytotoxic extract subjected to further phytochemical fractionation using solid phase extraction, reversed-phase high pressure liquid chromatography (RP-HPLC), and one dimensional nuclear magnetic resonance (1D-NMR) spectroscopy. The biological activity of the isolated pure components, verbascoside and 3' O rhamnosyl -4' O para coumaryl 7-hydroxyl salidroside, was assessed using MTT assay against MCF-7 and HT-29 carcinoma cells. Two known phenylpropanoid compounds were isolated from this species. Their structures were elucidated by spectroscopic data (using 1 H-NMR and 13 C-NMR) and compared with the previous literature. Both pure compounds in comparison with control group demonstrated significant antiproliferative activity against cancerous cells (P < 0.001). In our study, verbascoside and its derivative could inhibit proliferation of cancerous cells without any side effects on normal cells.
INTRODUCTION
According to a report of the world health organization (WHO), cancer is a common and crucial clinical problem nowadays. In the last decades, the incidence of cancer associated death has increased (1) . Among all the types of cancers, breast and colon cancers are the most prominent, dangerous, and life threatening cancers due to their difficult detection and in some cases, ignorance of the early signs of these malignancies (2) . While invasive and non-invasive medications are still applied for overcoming the genre of malignancies, some of the aforementioned strategies cause perniciousness and major undesired adverse effect on normal cells (3) . On the other hand, because some cancerous cells exhibit resistance to some of the anticancer agents and interventions through various mechanisms (4, 5) , multiple therapies and changing the treatment protocol for the patients have been suggested. Therefore, finding new anticancer compounds with minimum adverse effects and maximum efficacy against population of remaining cancerous cells seems imperative. Since the effectiveness of the natural products and secondary metabolites (6) in decreasing the occurrence of various types of cancers has been proven, there is a global search for novel natural components as anticancer agents.
Among natural products, medicinal herbs have played a vital role both in prophylaxis and treatment of various forms of malignancies. Scrophularia genus (Scrophulariaceae) encompasses over 3000 species which are extensively dispensed from mid Asia including Iran to North America (7) (8) (9) (10) . Scrophularia subaphylla (S. subaphylla) is a well-known endemic medicinal species of Azerbaijan flora in Iran. Traditionally, some species of this genus have been ethno medically consumed as anti-inflammatory, anti-eczema, anti-erythema, removing mouth dryness, improving sore throat, and anticancer agents (8, 9) . Numerous investigators have isolated some chemical constituents like iridoid glycosides, phenyl propanoids, flavonoids, terpenoids, and saponins from Scrophuria umbrosa (11, 12) . In addition, the mentioned secondary metabolites exhibited a number of biological activities such as antimicrobial, cardiovascular, protozoacidal, cytotoxic, antimalarial and wound healing effects (9) (10) (11) (12) (13) (14) . In this process, whereas the expression of caspase-3 mRNA increased, the expression of Bcl-2 decreased in cancer cell lines. (14) (15) (16) (17) . Despite the fact that, one publication has evaluated the volatile component of S. subaphylla (7) , studies on antiproliferative activity as well as phytochemical constituents of this plant are not available. Previous studies have emphasized the significance of anticancer properties of Scrophularia species, which have been attributed to the presence of some main secondary metabolites. Herein, firstly we aimed to assess and compare the antiproliferative effect of various extracts of S. subaphylla on two human carcinoma cell lines of MCF-7 and HT29 and a normal cell line L929; and secondly the isolation and depiction of bioactive components of cytotoxic fraction of S. subaphylla was evaluated.
MATERIAL AND METHODS

Materials
Human breast carcinoma (MCF-7) and colon cancer (HT-29) cell lines were purchased from Pasteur Institute of Iran (Tehran, I.R. Iran). Roswell park memorial institute (RPMI) medium 1640, fetal bovine serum (FBS), streptomycin and penicillin were provided from Gibco Invitrogen Corporation (UK). Pipettes, tissue culture flasks, 96-well plates, trypan-blue, and 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT) were from Sigma-Aldrich Co. (UK). Dimethyl sulfoxide (DMSO) was from Merck (Darmstadt, Germany). UV/visible spectrophotometer (Shimadzu, 2100; Japan).
Plant material
Aerial parts of S. subaphylla were collected from the mountains of Marand-Mishodagh, I.R. Iran in summer, 2013. The plant was identified by a botanist Dr Atefeh Ebrahimi and a voucher specimen under accession code (Tbz-fph 747) was stored in the herbarium of Tabriz University of Medical Sciences, Tabriz, I.R. Iran.
Preparation of extracts and Sep-Pak fractions
One hundred g of air-dried aerial parts of S. subaphylla were grounded and subjected to Soxhlet apparatus sequentially to make different extracts n-hexane, dichloromethane (DCM), and methanol (MeOH). All of the extracted solvents were evaporated by rotary evaporator at the 45 °C and under reduced pressure. Cytotoxic characteristic of the samples were assessed using brine shrimp lethality test (BSLT) and MTT assay. The MeOH and DCM extracts-showed the highest anti-proliferative activity against Artemia salina (A. salina) and cancerous cells. The MeOH extract was subjected to Sep-Pak to yield six different fractions. The solid phase extraction method was repeated for at least 4 times for obtaining sufficient amount of each fraction. Subsequently, after removing the solvents, the fractions were submitted to MTT test. Finally, 40% SPE fraction was subjected to reversed-phase high pressure liquid chromatography (RP-HPLC) for isolation of the chemical components.
Reversed phase preparative HPLC and determination of the chemical structures
The potent Sep-Pak fraction in MTT assay, were further analyzed using preparative HPLC eluting with a linear gradient of MeOH/water and a photo-diode array detector at a range of 
Cytotoxicity evaluation
The cytotoxicity of all extracts and fractions as well as two pure compounds was evaluated against MCF-7 and HT-29 as cancerous as well as L929 as normal cell lines. The cells were grown in flask by RPMI-1640 medium which supplemented with 10% heat inactivated FBS and incubated at condition of 37 °C temperature, 95% humidity, and 5% CO 2. Evaluation of cytotoxic activity and cell viability were made by colorimetric MTT assay (18) (19) . For this purpose, cells were detached with trypsin-ethylenediaminetetraacetic acid (EDTA) in logarithmic growth phase and cultured in 96-well plates (200 µL, 1.5 × 10 4 cells/well). After 24 h, cells were treated with different concentrations of samples (1-1000 µg/mL), which had minimum amounts of DMSO (<1%). After 24 h, medium was removed from wells and 200 µL fresh medium (150 µL complete RPMI + 50 µL MTT solution 2 mg/mL in phosphate-buffered saline) was added to each well. The plate was shaken gradually and incubated for 4 h. Alive cell's mitochondria reduce yellow solution of MTT to blue formazan crystals. Finally, supernatant was emptied and the remained formazan crystals were dissolved in 150 µL DMSO. Cell viability was indicated by color intensity as well as comparing with the color of control. The color intensity was measured at 570 nm using a microplate reader (Bio Teck, Germany). DMSO 1% was considered as control group. The median growth inhibitory concentration (IC 50 ) was calculated from a dose response curve plotted in the Graph Pad Prism software.
Antioxidant activity
The free radical scavenging ability of the samples was evaluated by the method based on the reduction of 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) solutions in the presence of antioxidant. DPPH (8 mg) was dissolved in MeOH and chloroform (100 mL) to obtain concentration of 80 µg/mL. All the samples were dissolved in a suitable solvent to get a concentration of 1 mg/mL. Different concentrations (1.5 × 10 -1 , 2.5 × 10 and 1.56 × 10 -2 mg/mL) of all samples were made and then diluted with DPPH (5 mL). The samples were incubated for 30 min at 25 °C for any possible reaction to take place. Subsequently, the absorbance was read using spectrophotometer 160A (USA) at 517 nm against a blank (chloroform for nonpolar extracts and MeOH for polar fractions; furthermore, DPPH was added to both controls). RC 50 (50% scavenging activity of sample) values were calculated from the percentage reduction graph against samples concentration. The same procedure was repeated for positive control (quercetin). The percentage bleaching of DPPH by samples was calculated using the following equation:
where, A blank and A s are the absorbances of the blank and the samples after 30 min, respectively. RC 50 was extrapolated from dose response curve (inhibition percentage against various concentrations). The tests were performed in triplicate (19, 20) .
Total phenolic contents
Phenolic contents of the S. subaphylla Sep-Pak fractions of MeOH extract were determined by Folin-Ciocalteu reagent, based on our previous report (21) . Samples containing higher amounts of phenolic compounds were reduced with Folin-Ciocalteu reagent, which produced blue color. Briefly, 5 mL of Folin-Ciocalteu reagent (a 10% v/v in distilled water solution) and 4 mL of 1 M aqueous Na 2 CO 3 were added to 0.5 mL solution of test samples. The mixtures were incubated for 15 min at room temperature with periodic shaking. The absorbance of the supernatants of solutions was evaluated at 765 nm against blank solution with a UV/visible spectrophotometer (Shimadzu, 2100; Japan). The standard curve was constructed with different concentrations of gallic acid solution as the standard. Finally, total phenolic values were expressed as milligrams of gallic acid equivalent per 100 g of powdered plant material. All tests were done in triplicate.
Total flavonoid contents
For determining the total flavonoid amount of Sep-Pak fractions of MeOH extract, concisely, 2 mL of samples were mixed with 400 µL of water and 1 mL of reagent (mixture of 183 mg of AlCl 3 and 400 mg of sodium acetate), then were remained at 25 °C for 30 min for color formation. Consequently, the absorbance was measured at 415 nm using a UV/visible spectrophotometer. as the positive standard (21) .
General toxicity
BSLT, as a simple, low cost, high sensitive and convenient method, was applied for screening general toxicity based on the modified Meyer method and our previous publication. (14, 22) . Concisely, the hatching eggs A. salina which were obtained from Shilat Center, Tabriz, I.R. Iran, were prepared in 35% salt water and incubated under well aerated flask for 48 h. Subsequently, the different herbal extracts were dissolved in DMSO (not more than 0.05%) and normal saline to obtain various concentrations of samples. 1 mL of main prepared sample solution along with 10 mL of seawater was added to each sterile vial. In addition, approximately, 10 nauplii as amateur shrimps were transferred in to the vials and incubated for 24 h. Finally, number of dead nauplii at each dosage was counted as percent of mortality of the extracts. The LC 50 was estimated using linear regression analysis using excel software.
Statistical analysis
All statistical analyses were done using Graph Pad Prism 8.01 software, and significant differences between groups were analyzed using ANOVA. In this study, the experiments were performed in triplicates (n = 3) and all the data are presented as the mean ± SD. P value < 0.05 was regarded as significant.
RESULTS
In the current research, BSLT, cytotoxic and free radical scavenging activities as well as TPC and TFC of samples were determined. Furthermore, chemical structures of potent anti-proliferative compounds obtained from the aerial parts of S. subaphylla were characterized and the results were illustrated in the Tables 1-4 .
General toxicity
Preliminary BSLT bioassay was used for comparing the cytotoxic activities of the extracts with the positive control (Podophyllotoxin LC 50 = 2.69 ± 0.006 µg/mL). Results (Table 1) demonstrated that, MeOH and DCM extracts were able to inhibit the growth of A. salina with LC 50 of 68.20 ± 8.94 and 92.43 ± 4.27 μg/mL, respectively. In the case of n-hexane extract no significant effect was observed. cytotoxic activity of the compounds of S. subaphylla
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Cytotoxic activity
Based on the BSLT findings, the DCM and MeOH extracts of S. subaphylla showed cytotoxic effects in comparison with n-hexane extract. Accordingly, DCM and MeOH extracts were selected for further anti-proliferative investigations against MCF-7, HT-29, and L929 as the cancerous and normal cell lines, respectively during 48 h period (Table 2) . Hence, The MTT method was accomplished for assessing the cytotoxic activity. IC 50 values are shown in Table 2 . According to the results Fig. 1 (Fig. 1) . Interestingly, L-929 as a normal cell line was not considerably affected by extracts and fractions as well as pure compounds. Data are presented as means ± SD. * Indicates significant differences compared with control group, P < 0.001.
NMR results
NMR spectroscopic data of both pure compounds are shown in Table 3 and the structure of compounds is illustrated in Fig. 2 .
Antioxidant activity of S. subaphylla extracts and its fractions
The results of free radical scavenging activity of the extracts and Sep-Pak fractions of MeOH extract of S. subaphylla are shown in Table 4 . In the current assay, SPE fractions of MeOH extract indicated free radical scavenging activities in a concentration-dependent manner. RC 50 values of 40% and 60% Sep-Pak fractions were as following: (0.035 ± 0.004 and 0.055 ± 0.007 mg/mL, respectively.).
Total flavonoids and phenolic contents
The results of TFC and TPC are presented in Table 4 . The amount of flavonoids and phenolic contents in DCM and Sep-Pak frcations of MeOH extract were expressed as rutoside and gallic acid equivalents in mg/g dry samples. It is notable that the TFC and TPC contents of 40% Sep-Pak fraction were (113.70 ± 0.2 mg rutoside equivalent to 1 g of dried powdered plant material, and 154.09 ± 5.94 mg gallic acid equivalents 1 g of samples, respectively). 
DISCUSSION
The current study was aimed to isolate the components of the methanolic extract of the aerial parts of S. subaphylla which had potent anti-proliferative activity. To this end, in the first step, general toxicity of all extracts against A. salina was evaluated. The potent extracts in BSLT were selected for further studies and subjected to MTT assay. Moreover, a bioassay-guided isolation and purification of principle components were performed. The structure elucidation of purified constituents was determined using 1 H-and 13 C-NMR spectroscopies and also compared with former research reports (23, 24) . As shown in the extracts, MeOH and DCM extracts were able to inhibit the growth of A. salina. Hence, both extracts were selected for further evaluation against MCF-7, HT-29, and L929 as cancer and non-cancer cell lines. The cytotoxic results are indicated in Table 2 and Fig 2. The MeOH and DCM extracts considerably illustrated potent cytotoxic activity against MCF-7 and HT29 cell lines compared with control of DMSO (P < 0.001). Furthermore, MeOH-water Sep-Pak fractions demonstrated reduced viability of cancer cells. Subsequently, we examined the cytotoxic property of isolated pure compounds (such as acteoside and its derivative) of 40% Sep-Pak fraction. As indicated in Tables 2 and 3 , two phenylpropanoid compounds were isolated through phytochemical analysis, which illustrated inhibition effect on growth of cancer cell lines.
Verbascoside (1) is a famous phenylpropanoid which has been isolated and elucidated from the aerial parts and roots of many Scrophularia species (11, 12, 25) . Based on our knowledge, this is the first report on verbascoside presence in the aerial parts of S. subaphylla.
Using RP-preparative-HPLC method, amorphous gummy solids were obtained following evaporation of pure compound solvents by vacuum under reduced pressure. The 1 H-NMR and 13 C-NMR spectrum of compound 1 proposed the verbascoside structure for compound 1. One group of aromatic protons belongs to the caffeic acid replacement, while others belong to the phenylethanoid structure. The structure of verbascoside is well known in many reviewed literature (23) (24) (25) ; our data are in good conformity with aforementioned studies. Existence of characteristic and typical peaks at δ 6.20 (d, 1H, J = 15.86 Hz) and δ 7.45 (d, 1H, J = 15.73 Hz) is the main cause for presence of phenyl propanoid structure. In addition, the presence of signal at 2.73 ppm is attributed to the CH 2 of the phenylethanoid side chain. Existence of a tri-substituted phenyl moiety indicated by the signals appearing at δ 7.02 (bs, 1H, H 2'''), 6 .98 (d, 1H, J = 8.13 Hz, H6''') and also 6.71 (d, 1H, J = 8.13 Hz, H 5''') belong to the phenylpropanoid aromatic protons. The remaining aromatic protons in δ = 6-7 ppm are ascribed to 3, 4 di-hydroxy phenylethanoid moiety. The anomeric protons at 5.01 with a small coupling and 4.35 (J = 7.78 Hz) were easily attributed to the H1'' and H1' rhamnose and glucose, respectively. The long coupling constant (J = 7.78 Hz) of the anomeric proton of glucose is in favor of a ß-configuration. The methyl group of rhamnose was easily identified at δ = 0.94 ppm as a doublet (J = 6.04 Hz). The other values for protons of glucose and rhamnose were located at δ = 3-4 ppm. Some peaks were overlapped with water peak. Among the protons of glucose, H-4 glucose showed higher shift at 4.68 ppm, which proved the connection of caffeic acid substitution on C-4 glucose. 13 C-NMR spectrum of verbascoside was completely in agreement with published data (23) (24) (25) .
Compound 2 is a derivative of compound 1. Hence, the 1 H-NMR peaks of compound 2 indicated the identical patterns of signals observed for component 1. Exclusive distinctions between 1 and 2 seem perspicuously as signals for aromatic protons of caffeic acid and phenyl ethyl alcohol and also for ß-CH-OH of aromatic side chain of phenyl ethanoid. The rest of the signals were the same as acteoside. Concisely, 1 H-NMR data presented the two doublet signals series (1, 4 di substituted phenyl unit) at δ 7.92 (H2''', H6'''), 7.34 (H3''', H5''') for phenyl propanoid and 6.88 (H2, H6), 6 .64 (H3, H5) for phenyl ethanoid substitution, respectively. One proton at δ (4-5) ppm refers to ß-CH-OH. As shown in Fig 2, both pure compounds illustrated potent cytotoxic activity against cancerous cell lines in comparison with control of DMSO as well as other samples (P < 0.001). Moreover, different studies revealed that cytotoxic mechanism of acteoside on various cancerous cells are mediated through inducing cell cycle arrest at G 0 /G 1 phase and differentiation into monocyte (26) . Another study by Inoue et al. showed the growth inhibitory effect of verbascoside by induction of apoptosis in HL-60 cell lines (27) .
On the other hand, based on different reports, cytotoxic property of different species of Scrophularia have been evaluated thus far and it was concluded that various extracts of S. striata, as an example, (14) (15) (16) (17) inhibited the viability of astrocyte cancer cells through apoptosis mechanism. In all aforementioned reports, plants exhibited remarkable cytotoxic feature against abundant cancer cells in time and dose-dependent manner. In addition, they illustrated that potent extracts displayed dual cytotoxic activity as both cell apoptosis inducer and cell differentiation agents (16, 26, 27) . In the present study, for more clarification of cytotoxic potency of MeOH extract, free radical scavenging activity as well as TPC and TFC of the extracts and fractions were evaluated and presented in Table 4 . Fortunately, the results of free radical scavenging potency are in line with the cytotoxic activity. Sep-Pak fractions of MeOH extract showed high degree of cytotoxicity and free radical inhibition potency. It appears that not only endogenous free radical scavengers protect the body against oxidative stress and cancer, but also natural constituents as an exogenous antioxidants such as iridoids, polyphenols (phenylethanoid compounds), and flavonoids inhibit H 2 O 2 -lipid peroxide free radicals which cause degenerative disease (28) . Presence of various secondary metabolites in plants, which illustrates free radical scavenging and neoplastic activities, motivates researchers to isolate some anti-proliferative compounds such as phenyl propanoids against cancerous cell lines (29) . In addition to the fact, cytotoxic property of the medicinal plants has been attributed to the presence of different secondary metabolites, like iridoids, polyphenols (phenylpropanoid, tannins, and flavonoids) (26) . On the other hand, scientists had also verified that, as the phenolic contents of plants increase, their antioxidant activity also increases. It seems that there is a direct relationship between phenolic contents and quenching of free radicals (30) . Nevertheless, polyphenol compounds are essential source of free radical scavengers, their ability to inhibit oxidizing agents that are involved in oxidative stress related diseases is different. Hence, it is very important to discover their principle function and mechanisms. In our study, the relationship between TFC and TPC as well as antioxidant capability along with cytotoxic activity of S. subaphylla Sep-Pak fractions of MeOH extract and also pure cytotoxic activity of the compounds of S. subaphylla 271 compounds was evaluated. Our findings showed that, cytotoxic activity of the samples (extracts, fractions, and pure isolated compounds) against cancer cells increased with an increase in polyphenol content (TPC and TFC) of the herbal extract and excessive free radical quenching ability. Generally, the current survey recommends that the free radical scavenging and cytotoxic activity of S. subaphylla samples might be supportive in preventing or decelerating the improvement of diverse oxidative stress-linked diseases such as breast cancer. Undoubtedly, further approaches on verbascoside would be beneficial to recognize the mechanism of cytotoxic action. The authors of this manuscript believe this survey could provide the primary scenario for comprehensive cytotoxic consideration of this plant especially verbascoside. Hence, it is the primary description on the exploration of the cytotoxic and free radical scavenging ability of S. subaphylla.
CONCLUSION
In the present study two phenylpropanoids were isolated from S. subaphylla which inhibited the growth of cancer cells in a dose-dependent manner. Furthermore, it showed that TPC, TFC, and free radical scavenging activity of the samples were in line with each other.
